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C R I m L A  FOR ASSESSING KlXO EROSIOH 

by E.L. Skidmore 

1. IlJTRODUCTION 

Wind erosion is ser ious in  many pa r t s  of the world. General areas  most 
suscept ible  t o  wind erosion on agr icu l tura l  land include much of Eorth Africa 
and t h e  Near  Eas t ,  p a r t s  of southern and eastern Asia, Austral ia  and southern 
South America, and the  semi-arid and a r i d  portions of North Arnerica (FAO, 1960). 
In  addition, such agricultural a reas  as the  Siberian Plain and others in t he  us% 
are potent ia l ly  susceptible t o  wind erosion. 

Soi l  erosion by wind, generally thought t o  be l imited t o  semi-arid and arid 
meas, can be a problem wherever: 
divided; 2)  t h e  s o i l  surface is smooth and vegetative cover is absent; o r  sparse; 
3) the f i e l d  is large; 
conditions a re  l i k e l y  t o  prevzi l  in  semi-axid and arid areas,  where prec i? i ta t ion  
i s  inadequate o r  where the  cl imat ic  vagaries froni sezson t o  season or  yeax t o  yeczr 
prevent maintaining crops o r  residue cover on the  lsnci; 
ex i s t  i n  subhumicl and even liunid areas. 

1) the  s o i l  is loose, dry, and reasonably f i n e l y  

These and 4 )  t h e  wind is  suf f ic ien t ly  s t ronz  t o  move so i l .  

however, tkey soinetimeo 

Wind erosion darnws i n  severel  trays. It physically removes from the  f i e l d  
the  most f e r t i l e  portion of the  s o i l ,  thereby lowering productivity (Daniel anh 
Langham, 1936; Some eroded ooi l  en te rs  the atmospheric dustloaci 
(Hagen and Woodruff, 1973), which obscures v i s i b i l i t y ,  pol lutes  t he  a i r ,  czuses t r a f f i c  
hazards, f o u l s  machinery, and imperils animal *and hwaan health. 
f i l l s  road ditcheo and i r r i g a t i o n  canals, reduces seedling survival and growth, lowers 
the marketabi l i ty  of many vegetable crops, and. increases the  suscep t ib i l i t y  of piants 
t o  disease and t o  t h e  transmission of some plant diseases. 

wles, 1975). 

B l o w b g  s o i l  a l so  

This paper presents c r i t e r i a  f o r  assessing wind erosion on a regional bas i s  
by first assessing it on a f i e l d  basis. 
be evaluated based on the  e r o d i b i l i t y  of the  s o i l  and meteorological conditions 
conducive t o  s o i l  detachment and transport .  

Also, the  regional wind erosion hazard c?n 

2. ASSESSING 'rlIND EROSION ON A FIELD BASIS 

Studies t o  understand t h e  mechanics of the wind erosion process t o  iden t i fy  
major f a c t o r s  influencing wind erosion, md t o  develop t r inci  erosion control methods 
l ed  t o  t h e  development of a wind erosion equation (Chepil and h'oodruff, 1963; 

poten t ia l  erosion from a pa r t i cu la r  f i e l d  and the  f i e l d  conditions necessary t o  reduce 
poten t ia l  erosion t o  a specif ied amowit. 

. Woodruff and Siddoway, 1965). The equation wes designed t o  deterrdine the  average 
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It is  assumed tha t  the  reader is f a m i l i a x  with the  wind erosion equation, 

therefore ,  only a br ie f  description w i l l  be given here. 

1968; Skidmore e t  al., 1970; Skidmore, 1976. 

>lore d e t a i l  has  been given 
. by Chepil and Hoodruff, 1963; Woodruff and Siddoway, 1965; Skidmore and Woodruff, 

The general functional re la t ionship between the dependent var iab le ,  E ( the  . 
potent ia l  average annual s o i l  l o s s  in tons per hectare),  and t h e  independent vari- 
ables is: 
soil-ridge roughness fac tor ;  C i s  a climatic Factor; L is f i e l d  length along t h e  
prevai l ing wind erosion direct ion;  

E = f (I, K, C ,  L, V),  where I is a s o i l  e r o d i b i l i t y  index; K i s  a 

and V is equivalent quant i ty  of vegetat ive cover. 

Relations among var iables  =e complex, and a single  equation t h a t  expresses E 
as a function of t he  independent var iables  has not been devised. 
solved i n  a stepwise procedure involving graphical solut ions u n t i l  a computer 
solut ion was developed t o  simplify the  procedure (Fisher and Skidmore, 1970; 
Skidmore et al., 1970). 

i n  tons/ha/year, from a given agr icu l tura l  f ie ld .  

The equation w a s  

Tne solut ion of t he  wind erosion equation gives the  amount of e ros ion  expected, 

The information needed t o  a.ssess potent ia l  s o i l  loss from a f i e l d  is: 

(4) climatic f a c t o r ;  
(1) percentage of s o i l  aggregates exceeding 0.84 mm; 
windward knoll  slopes;. 
( 5 )  angle of deviation of prevai l ing wind erosion d i rec t ion  from r i g h t  angles t o  
f i e l d  s t r i p ;  
d i rec t ion ;  (7) height of wind bar r ie r ,  i f  any; (8) f i e l d  width; ( 9 )  quant i ty  of 
vegetative cover; Information f o r  items 4 and 
6 and f o r  determining item 5 can be obtained by month f o r  m a n y  US4 loca t ions  from 

(2) length and steepness of 

(6) preponderance of wind erosion forces i n  preva i l ing  wind erosion 

( 3 )  r idge height and spacing; 

and (IO) type of vegetative cover. 

. t he  l i t e r a t u r e  (Skidmore and Woodruff, 1968). The percentage of s o i l  aggregates 
. exceeding 0.84 rnm (item I )  can best be obtained by dry sieving; however, i n  prac t ice ,  

the  percentage is often determined from wind e rod ib i l i t y  groups based on s o i l  type 
o r  predominant soil textural claaa (Hayes, 1972). 
the f i e l d  o r  estimated by comparing f i e l d  conditions with s i m i l a r  field. conditions 
f o r  which t h e  f ac to r s  have been measured. 

Other f a c t o r s  can be measured in  

3- ASSESSING “D EROSION ON A COUNTY AND IBGIONAL BASIS - -  
Tne wind erosion equation can be used as a bas is  f o r  assess ing  wind erosion on 

an area, such as a county, l w g e r  then an individual f i e ld .  

Ln t he  U S ,  pertinent cizta can be obtained from several  sources. ilnual m e a  
cropped mil y i e l d  data  f o r  each m s j o r  crop a re  available by county fro:n ltBgTicultural 

avai lable  from the Conservation Needs Inventory; 
surveys; 
Record Center. 
po ten t ia l  average annual soil loss f o r  a county or 9. group of counties. 

’ Sta t i s t i c s t1 ,  published by s t a t e  boards of agriculture.  Total  l,md area  by coun$y ia 
s o i l  zlatz are avai lab le  froin s o i l  

mci climatological &ita a r e  a v d l a b l e  f ron  the Nat ionnl Clim.=tologicnl 
Using those data  and t h e  wind erosion equation, one can estimate 

Consider Z l l i s  Cowty, Kansas, f o r  example. Table 1 gives  the  major s o i l s  i n  
tile county, the  a rea l  extent of ‘hose s o i l s ,  t h e i r  approximate e r o d i b i l i t y  based on 
c o i l  textma1 c l s s s i f i ca t ion ,  a+ 
loss from each of the  so i l s .  ?or t h i s  calculation, it was assumed tha t  t he  f i e l d  is 
wide, snooth and bare of vegetation. 
frorn the  average county y ie ld  of t ha t  crop, multiplied by a f a c t o r  t h a t  compares the  
ectirnated capabi l i ty  of a par t icu las  s o i l  with other s o i l s  i n  the  county t o  produce 
a given crop. On the  average, 
winter wheat produced 1.7 qu in ta l s  of straw f o r  each quintal  of grain.  Sorghum and 
maim produced about equal grain and stover. 

an estimate of the average annual po ten t ia l  s o i l  

‘i’ne grain yield of major crops was estimated 

’:he straw or  stover was estimated from p a i n  yield.  
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I r r iga t ed  maize 

Sorghum 

Hay 
Cont h u o u s  wheat 

Fallow wheat 

Fallow (no crop) 

\heat (PMI) 

1 

. .  

~ - 

q/ha - - t/wyr 1 000 ha - 
652 67 67 75 22 16 
402 35 35 75 43 31 
137 67 0 0 0 0 

70 a 13 23 52 34 25 
1 273 19 33 40 22 16 
1 273 0 0 75 29 13 

123 0 0 75 45 34 - 
3 937 

To fur ther  assess  t h e  erosion i n  the  county, one must know the  d i s t r i b u t i o n  of 
t h e  various crops grown on each so i l .  
f i n e  sandy loam axe planted t o  wheat, sorghum, o r  maize and what portions are i n  fal- 
low? 
t h a t  s o i l ?  

For example, what portions of the 800-ha Anselmo 

I n  addition, what axe the  dominant t i l l a g e  and residue management p rac t i ces  on 

But l e t  us  consider an area  even larger than a county. In the  USA a convenient 
s i z e  for assessing wind erosion is the  land resource a rea  (m), composed of land 
resource units, each usual ly  several  thousand hectares i n  extent and character ized by 
a pai-ticular pat tern of s o i l  (including slope a i d  erosion), climate, water resources ,  
land use; and type of farming. 
associated land resource uni t s ;  
associated major land r e ~ o u ~ c e  areas, Austin, 1972.) 

( l a jo r  land resource areas  consist  of geographically 
major land resource regions consist  of geographically 

For example, l e t  us consider the counties of LRA 72 in Kansas. 
contains 24 counties with a t o t a l  land area of 5.5 x 106 ha (13.6 x 106 acres) and 
3.9 x IO6 ha (9.7 x IO6 acres) of cropland. 
each) are shown i n  Table 2. The amount of residue produced per .uni t  land area w a s  
estimated from g a i n  y ie ld  data, assuming t h a t . t h e  residue/grain r a t i o  is 1.0 for 
maize and sorghum and 1.7 f o r  wheat. 
harm s t e d . 

This  area 

The major crops (with a rea  and yield of 

Approximately 1% of t h e  wheat planted. w a s  not 

/ 

Table 2 LAND RESOURCE A R U  72 - 24 KANSAS COUNTIES - 
197576 MELD DATA 

1 WTEETIAL SOIL LOSS ' CROP ' 2  3 



Average annual s o i l  loss was estimated by the  wind erosion equation (Woodruff 
and Siddoway, 1965) f o r  three combinations of conditions: 1)  Wide f i e l d ,  base of 
residue and with rough surface. 
and sorghum res idue  l e f t  standing (30 cm t a l l ) ,  114 f la t tened  on t h e  surface,  and the  
other 112 removed; 
of growing wheat (seedl ing and stooling) equivalent t o  1/10 residue produced; fallow 
with 1/5 of t h e  residue produced remaining on surface; 
with residue equivalent t o  114 bf residue produced i n  continuous wheat production. 
3 )  Same conditions as 2 except tha t  the f i e l d  is 200 m (660 f t )  wide. 
t h e  axea were 86 and 78, respect ively f o r  e rod ib i l i t y  I and climatic f ac to r  C. 

2) Vide f i e l d  with semi-ridged surface' - 1/4 of maize 

114 of continuous wheat residue on surface plus protective value 

wheat (planted, not harvested) 

Thk means for 

The average annual s o i l  l o s s  f o r  t he  cropland i n  the  24-county area,  according 
t o  the  r e l a t ionsh ip  of t h e  wind erosioii equation, w a s  60, 27, and 18 metric tons per 
hectare f o r  t h e  t h r e e  levels of assumed management. Wost of the  non-cropland is 
rangeland. A s s u m i n g  t h a t  t he  non-cropland is non-erosive, t he  average s o i l  loss fo r  
t he  t o t a l  inventory l a d  mea became 43, 20, and 13 t/ha/yr, respectively,  f o r  t h e  
three  l e v e l s  or' management. 
tons of so i l .  

That corresponds t o  588, 274, and 184 mill ion metric 

. 4. ASSESSIXG ~rn  EROSIOIT HAW  ma^ msrc SOIL ~ O D I B I L I T Y  ANI) CLDIATIC P O ~ ~ I A L  
TO CAUSE 'JIXJI) EFiOSION 

~1wo ( e r o d i b i l i t y  and climatic f ac to r )  of t he  f i v e  independent vaxiables of t he  
wind erosion equation a r e  bas ic  t o  the s o i l  and climate of the region a d  are less 
e l t e rab le  by management than are  the  others. 
and c l imat ic  f a c t o r  show promise fo r  use i n  assessing wind erosion hazard. 

3 o d i b i l  it:[ 1zicie.x 

Used toge-ther, s o i l  erociibil i ty index 

Soil e r o d i b i l i t y  (ease of detachment and t ransport  by wind) is a primary vwi- 
able a f f ec t ing  wind erosion. 
r e l a t i v e  e r o d i b i l i t i e s  of s o i l s  (reasonably f ree  from organic residues) as a function 
o f  apparect s p e c i f i c  grav i ty  and proportions of dry s o i l  aggregates in  various s izes .  
Since then, t h e  non-erodible s o i l  f rac t ion  grea te r  than 0.84 mm, as determine6 by b y  
sieving, has been used t o  inclicate e rod ib i l i t y  of s o i l  by wind. 
of t h e  wind eros ion  equation (Chepil and Noodruff, 1954), e rod ib i l i t y  w a s  one of three 
major f ac to r s  developed from resu l to  obtained pr incipzl ly  with a portable wind tunnel 
(Zingg, 1951a, l95lb;  Zingg and Woodruff, 1951). 

From wind tunnel t e s t s ,  Chepil (1950) deiermined 

In an eaxly version 

A dimensionless s o i l  e rod ib i l i t y  index, I, (Chepil, 1953; Ciiepil an6 Woodruff, 

Tie quant i ty  of s o i l  eroded i n  a tunnel is governed by the  tunnei ' s  length 
1959) was based on t h e  non-erodible f r ac t ion  (percentage of clods exceeding 6.84 mm 
diameter). 
and other  cha rac t e r i s t i c s ;  therefore ,  e rod ib i l i t y  w a s  expressed on a dimensionless 
bas i s  so t h a t  f o r  a given s o i l  and surface condition, the same re l a t ive  e rodib i l i ty  
value would 'be obtained r e g a r d e s s  of wind tunnel charac te r i s t ics  (Chepil, 7960). 
The s o i l  e r o d i b i l i t y  index w a s  expressed as 

I = " J X ,  

where X I  is quant i ty  eroded from s o i l  containing 60 percent of clods exceeding 0.84 m, 
and Y,? ia t h e  quant i ty  eroded under the  same se t  of conditions froin s o i l  containing 
any other  proportions of clods exceedilig 0.84 mm. 
r e l a t i v e  measure of e rod ib i l i t y ,  but ac tua l  s o i l  loss by wind w a s  not known. 

Soi l  e rod ib i l i t y  hdex,  I, gave a 

Wide f ie ld  means t h a t  any fur ther  increase in  width would not increase erosion 
' hazard. This condition usually occurs f o r  a field between 500 and 1 000 metree. 
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Therefore, during the  severe wind erosion of 1954-56 ( 7  January through 

30 Apri l )  
t h e  quant i ty  of s o i l  loss f o r  any f i e l d  e rod ib i l i t y  as determined from various f i e l d  
conditions (Chepil, 1960). 
by depth t o  which wheat crowns and roo t s  were exposed. 

f o r  each f i e l d  w a s  determined by procedures previously outlined (Chepil, 1959; 
and Woodruff, 1954; 
loss and r e l a t i v e  f i e l d  e rod ib i l i t y  WaFi 

69 f i e l d s  were studied i n  western Kansas and eastern Colorado t o  determine 

The average depth of s o i l  eroded usually w a s  indicated 

Seasonal loss w a s  converted t o  annual s o i l  l o s s ,  and r e l a t ive  f i e l d  e r o d i b i l i t y  
Chepil  

Chepil and Woodruff, 1959). The r e l a t ion  between annual soil 

Y = fib - I/cdx 

where Y is annual s o i l  loss ( tons per acre) ;  
e rod ib i l i t y ;  
1.065, respectively.  
r e l a t i v e l y  small annual s o i l  losses  from depth of s o i l  removal made conversion of 
r e l a t i v e  f i e l d  e rod ib i l i t y  t o  annual s o i l  l o s s  by equation 2 highly approximate. 

X is dimensionless r e l a t i v e  f i e l d  
and a, b , . c ,  and d are constants equal t o  140, 0.287, 0.01525 and 

Chepil (1960) recognized t h a t  inaccuracies ir, measwing 

When a f i e l d  is smooth, base, wide, unsheltered, and noncrusted, i t s  r e l a t i v e  
e r o d i b i l i t y  i s  equivalent t o  the  s o i l  e r o d i b i l i t y  index cief ined by eguat ion (1 ) . 
Ifhen I from equation (1) is  subs t i tu ted  f o r  X i n  equation (2), potent ia l  annual sol: 
loss i n  t ons  per acre is obtained. 

Although percentages of non-erodible f r ac t ions  vary seasonally with mmagement 
prac t ices  and chemical coinposit ion of s o i l ,  e rod ib i l i t y  is s t rongly influenced by 
p a r t i c l e  s i ze  d is t r ibu t ion  of the  so i l .  Sands, f o r  example, have insuf f ic ien t  f i n e  
mater ia l  t o  cement the grains in to  la rger  aggregates, and much of the s o i l  mass 1s 
s ingle  p a i n e d  and, consequently, very erodible. Further research is E e e ~ e d  belore  
we can Cefine e rod ib i l i t y  precisely as a function of s o i l ,  cli:nate, an& manaeement; 
however, we can reasonably ectimate a s o i l ' s  e rod ib i l i t y  based on the  t ex tu ra l  
c l a s s i f i c a t i o n  of the  so i l .  
in a region provides a bas is  f o r  estimating suscept ib i l i ty  of t he  s o i l  t o  erosive 

Therefore, knowledge of  surface s o i l  t ex ture  d i s t r i b u t i o n  

winds 

Climatic Factor 

The climatic fac tor  i s  an index of the  average rate at which s o i l  i s  n o m i  3y 
wind as influenced by moisture content i n  surface s o i l  pa r t i c l e s  and average wind- 
speed. Chepil et  al. (1962) proposed a climatic fac tor  t o  determine a x e r a s  anriual 
s o i l  loss for c i i i n~ t i c  CUI,'; it ions other than those per ta ining when the  r e l a t ionsh ip  
between wind tunnel and f i e l d  e r o d i b i l i t y  was o3tained. 

The s o i l  moisture term of the  cl imat ic  f ac to r  of t he  wind erosion aquation 

Effective moisture 
was developed Qn t he  basis that e rod ib i l i t y  of a soil varies inversely with t h e  
equivalent moisture in surface s o i l  par t i c l e s  (Chepil, 1956). 
of the  surface soi l  pastiolea was assumed to  vaxy as indica-ked by t h e  Thornthwaite 
(1931) P-E index developed t o  evaluate prec ip i ta t ion  effectiveness.  The P-E index 
is t h e  sum of 12 monthly prec ip i ta t ions  divided by evapora$ion r a t io s .  

The soil-moisture term of t he  cl imat ic  f ac to r  needs refining. The current  
procedures assume tha t  effect ive moisture of the  surface s o i l  pa r t i c l e s  var ies  with 
t h e  P-E index, but surface moisture content is t rans ien t  ( Idso e t  al., 1974; 
Jackson, 1973; 
funct ions of hydraulic s o i l  properties end cl imat ic  var iables  not f u l l y  r e f l ec t ed  
i n  the  P-E index. 
wind erosion process. 

Jackson e t  al. ,  1973). Drying r a t e  2nd k y n e s s  of part  i c l e s  a r e  

These re la t ionships  need examining and then r e l a t i n g  t o  the  
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The windspeed term of t he  climatic f ac to r  i s  based on t h e  asswnption tha t  r a t e  
of s o i l  rnovenient i s  proportional t o  windspeed cubed. 
1943; Chepil, 1945; Zingg, 1953) have reported tha t  when windspeeds exceed those 
required baxely t o  move the  s o i l ,  t h e  soil-movement r a t e  is d i r e c t l y  proportional t o  
f r i c t i o n  ve loc i ty  cubed. 
are  proportional. 

Several researchers  (Bagnold, 

Over a spec i f ied  surface, windspeed and f r i c t i o n  veloci ty  

The long-term avera,? windspeed and ' soi l  moisture index at Garden City, Kansas, 
was the  reference f o r  t h e  climatic fac tor .  It was expressed as 

3 2 c = 100 u /2.9 (P-E) 

where u is the  corrected inem annual windspeed f o r  a standard height of 30 feet ,  
P-3 is an index of equivalent moisture i n  surface s o i l  pa r t i c l e s ,  and 2.9 is the 

' approximate average value of u3/(P-E)2 f o r  Garden City, Kansas. 

Nonthly windspeeds are used i n  l i e u  of annual windspeeds t o  determine monthly 
C values fo r  ca lcu la t ing  erosion when plant damage of cer ta in  periods of the  year is 
the  major i n t e r e s t  (Woodruff and Armbrust, 1968). 
prepared f o r  t h e  major wind erosion a reas  of the  USA (Skidmore and Woodruff, 1968). 
Figures 1 and 2 show t h a t  in 197576 in  the  Great Plains the  climatic f ac to r  and 
wind erosion damage t o  cropland were s i m i l a r .  

Climatic-factor maps have been 

The p r o h c t  of an appropriate c l imat ic  fac tor  and s o i l  e r o d i b i l i t y  index 
indicate  in t ens i ty  of wind erosion hazard (WEH) f o r  wide, smooth f i e l d s  bare of 
vegetation. Suppose the  land i n  a region is divided in to  n e r o d i b i l i t y  groups, 

the mean wind erosion hazard f o r  t h a t  region would be 
'each with area Ai and associated e r o d i b i l i t y  index Xi and climatic f a c t o r  C i .  Then 

WZH E AiIiCi / Ai-  

A s  other data  such as amount and kind of vegetative cover become avai lable ,  they 
can be included i n  t h e  calculation. 
yearly, it may be desirable  t o  ca lcu la te  probabi l i t ies .  

Also, because I and C vary seasonally and 
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Fig. 2. 

CROPLAND DAMAGE BY WiND 
1975 -76 

'10% LW 

Percentage o f  cropland damaged by w i n d  erosion, summarized 
from data reported by U.S. Dept. of Agriculture, Soil Conservation 
Service. 
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